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Abstract
In this paper we report our experience of substantially reducing the extent of assignment plagiarism during the COVID-19 affected period. We did this by decomposing the authentic assignment into five formative milestones emphasizing higher order thinking. Students had to submit
five three-minute videos demonstrating how each milestone was reached, why the particular
strategy was adapted and what could have been done better. We evaluated the effectiveness of
our approach by comparing the assignment plagiarism pattern with the previous COVID-19 affected semester and by correlating the performance in formative tasks with performance in the
final randomized test. Our results suggest formative video submissions can substantially reduce
plagiarism in project-based courses and can reduce the reliance on the final test for measuring the learning outcomes. The survey on student perceptions reveals use of video milestone
submissions helped to improve motivation, self-efficacy and learning outcomes.
Keywords: Computer Science Education, Plagiarism, COVID-19

1. Introduction
Poor employability rates and the pressure from accrediting bodies have made it necessary to
include more project-based courses. A lack of technical skills and professional competence were
cited as the main reasons for 26% underemployment rates among CS graduates in the US [7].
Despite its recognized value for finding employment, 39% of graduates failed to undertake even
a single internship before graduation, with 49.3% of students attributing it to low self-efficacy
[7]. Industry highly values communication and other so called soft skills in programmers [10].
Among the soft skills that industry values are verbal presentation ability and one’s willingness to
present. There is therefore an opportunity to build students’ skills and comfort in communication
through practice. In other domains, the use of video progress demonstrations were shown to
improve self-efficacy and student satisfaction [9].
To further reduce the education to industry gap and to promote student confidence, there are
common industry practices that can be adopted by project-based courses. One such industry
practice is the use of regular milestone reviews, often named sprints. An additional benefit to
adopting industry practice of milestones is the experience providing students with first-hand
evidence of their effects.
Project-based courses in computer science mandate students undertake explorative learning
and demonstrate higher-order thinking skills through the creation of design documents, database
schemas, programs and reports, making plagiarism checks difficult. Currently there is no single
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tool that can effectively check for plagiarism across all the different types of documents submitted. Many researchers have therefore stressed the need for holistic course and discipline specific
plagiarism checks [15], while others have proposed a number of strategies for limiting plagiarism opportunities including developing assignments that are difficult to plagiarize, appropriate
grading methods and the use of tools [2].
Plagiarism detection tools relying on code structure or code changes over the assignment
period, require instructors to manually review and analyze the code of suspected plagiarism
candidates. Many therefore focused more on reducing the opportunities for plagiarism through
randomized data and by generating different versions of assignment specifications [2]. These
techniques made it easier to detect contract cheating by matching the student solution uploaded
to the specific version. However, ensuring all versions have the same standard as well as preparing different rubrics is resource intensive. Similarly, one-on-one progress interviews, though
effective for personalized support, are not well-suited for large courses. Moreover, the ability to
explain the code may not necessarily reflect the ability to write code for a different scenario [2].
We were motivated to study ways of controlling plagiarism after noticing a spike in 2020
semester 1, when all face-to-face assessments were replaced with take-home assignments. Moreover, directives to use authentic assignments instead of exams whenever possible, exacerbated
the need to come up with alternative assignment design and grading methods. A similar number
of students enrolled in 2020 semesters 1 and 2, around 240 and 220 respectively. All lessons
were conducted online and provided us a testbed to study ways of limiting opportunities for
plagiarism. We devised a new assignment structure and grading strategy but used the same tool
for measuring the extent of plagiarism in both semesters. We also used quantitative and qualitative surveys as instruments to gather student perceptions. Our main research questions were
therefore:
RQ1. How can we develop a new continuous grading mechanism for project-based courses that
reliably reflects student learning outcomes without increasing instructor resource requirements?
RQ2. Can the rate of plagiarism in the final assignment be substantially reduced by linking the
final assignment with regular formative tasks?
RQ3. Can a project with a video-milestones based approach improve student perceptions of
self-efficacy, time-management and motivation (thus reducing some of the main causes
for plagiarism?)

2. Literature Review
Plagiarism has long been an issue for assessors of introductory programming courses [19]. There
are many reasons given by students caught plagiarizing, ranging from responses that they didn’t
know of other ways of writing the code, to the fact that they had limited time to undertake
their assignment and did not realize how long it would take them to actually get it working, to
deals done with fellow students or others who can provide the solutions quickly and relatively
cheaply online [2], [18]. A survey to investigate factors that may cause IT students to cheat
found the main ones were workload pressure, external pressure and avoiding failure [13]. Graduate students converting to IT can face an even more intensive pace than undergraduate students
and this heavy workload also contributes as a key reason for cheating [12]. Most IT courses
where plagiarism is prevalent include programming assignments where students often become
overwhelmed having to design, implement, test and debug algorithms [2]. In our School, plagiarism detection software has uncovered very high levels of collusion in code written for final
assignments, despite there being plagiarism workshops run every semester elucidating the implications, and despite the assignment specification clearly stating penalties for plagiarism [6],
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[16].
Plagiarism in coursework was also found to negatively impact learning outcomes [11]. Conversely, limiting opportunities for plagiarism in introductory programming courses by autograding of weekly assignments helped to improve learning outcomes in the exam [4]. Students
undertaking assignments in advanced courses such as full stack often get frustrated because of
incompatibility between various tools and technologies they need to combine. Students in such
courses may be better supported with progress marks combined with formative feedback addressing the problems [4]. Others have advocated the use of scaffolding and allocation of extra
resources to prevent students resorting to cheating [13].
Students have cited plagiarism is often caused by the wrong approach of the instructor including little checking for plagiarism, insufficient penalties and the lack of opportunities to explain their progress and problems encountered [5]. In advanced project-based courses students
are often expected to undertake explorative learning and put together different technological
stacks. On campus students have benefited from peer-mentoring, face-to-face contacts and preinstalled resources [16], but online students are handicapped.
Online education has been effective in the past, being rooted in various pedagogies and incorporating collaborative learning environments and materials specially planned and developed
[1]. However, the COVID-19 crisis-driven changes resulted in materials being delivered online
without proper planning in 2020, leading to many challenges, mark inflation and student dissatisfaction [1]. Many of our courses had unusually large numbers of high grades, most likely
due to an increase in plagiarism caused by inappropriate online assessment structure and poor
student support.
Though our literature survey has highlighted the need for new approaches to avoid and reduce opportunities for plagiarism, reflecting the primary mode of teaching (on-campus, online),
the level of study (novice, intermediate, advanced) and the level of the students (postgraduate,
undergraduate), there has been little work done for project-based courses. Specifically, there
has been little research undertaken around how plagiarism can be reduced in a project-based
course with both regular milestones and regular video submissions demonstrating higher-order
thinking skills.
In this paper, we have decided to take a much more proactive approach from the Instructor’s
perspective to minimize the need to plagiarize. As this was the first time the course would be
delivered entirely online to a cohort of students who had expected to undertake it face-to-face,
we decided to build in milestones to counter students scrambling to complete work at the last
minute, and to deliberately minimize plagiarism through assessment design [2], [8], [14].
Clear and explicit design of the assessment specifications is essential, but so is authenticity. It has been shown that authenticity in test assessment methods can be improved through
the promotion of realism, cognitive challenge, and evaluative judgement during the planning,
administering and following up of assessment tasks [11]. For this semester, due to COVID-19,
classrooms have been closed, and students were unable to sit for examinations in invigilated
halls. However, because it is important for us to establish that it is still the enrolled students
who are undertaking the assessments, we decided we wanted to hear them talk about their work.
This is in line with guidelines for authentic assessment [17]. Reflection is another key component of learning [3]. Hence, we decided to incorporate this component into our assessment of
these students. In the following sections we explain how we designed assessments to minimize
plagiarism and maximize student participation in an online environment.

3. Assignment
The project-based course consisted of an individual assignment titled Project-Team-Formation.
The assignment required students to develop a software system that allows members to be assigned to project teams taking into consideration specific constraints while attempting to meet

R IBAUX ET AL .

I MPROVING I NDUSTRY R ELEVANCE AND R EDUCING P LAGIARISM USING . . .

objective criteria reflecting ethical considerations, aspirations of project owners and preferences
of students. This assignment is based on actual workplace practices and is reflective of tools
used for making management decisions meeting multiple criteria such as increasing profits and
improving employer satisfaction, while meeting mandatory legal requirements. To be useful for
managers such tools can help to find near optimal solutions (through the use of appropriate algorithms) and must be made easily accessible using custom designed graphical user interfaces, and
visualization. Using Java as a vehicle, students were required to demonstrate their understanding of object-oriented design principles, design patterns, generics, graphical user interfaces, unit
testing, object–relational mapping, data structures, algorithms, heuristics, and multithreading
building on the foundations laid by courses in the first year (including programming.) The
assignment was divided into increasingly complex milestones as shown below:
1. Data Preparation and Cleaning
2. Positive and Negative Test Cases
3. Manual Team Formation & Visual Sensitivity Analysis
4. Persistence through Object–Relational Mapping
5. Threads running Multi-objective Algorithms
Each of the milestones required students to submit a video demonstrating the design, implementation, robustness of the solution and lessons learnt. Tutors gave individual textual feedback
and highlighted common issues through video feedback. The rubrics placed equal emphasis
on solution design, code quality, robustness and reflection. The videos were limited to threeminutes, ensuring students present the salient aspects succinctly. The final assignment carrying
thirty marks placed equal emphasis on functional and qualitative aspects. The former required
improved functional aspects building on earlier feedback while the latter required the use of design patterns, refactored code, scalability and reports justifying the design and lessons learnt. It
was mainly assessed through face-to-face questionnaires and reports. Students were also asked
to explain how their system can be extended to handle new scenarios presented.

3.1.

Assessment of Videos

To maintain consistency of assessment feedback, each student had the same person assess their
submissions across all milestones. To maintain objective and consistent assessment of videos,
tutors brainstormed and came up with a detailed marking scheme before each video assessment
and released it to all the students. During the fortnightly subject meetings tutors spent twenty
minutes assessing three poor, average and well-made student videos before comparing their
awarded marks to ensure common measures were used. Finally, the average marks awarded by
each tutor were compared after each video assessment to limit the variations in subsequent video
assessments. Each tutor was allocated five minutes for grading a three-minute video. Tutors
played back the videos at a faster speed, taking only two minutes, leaving them two to three
minutes for feedback and grading. The final assignment submission was graded face-to-face
where tutors were allocated twenty minutes.

4. Methodology
This research aimed to reduce plagiarism in a project-based software development course. To
meet this aim, the assignment was redesigned to introduce regular milestones with submissions
made in the form of student video reflections. This change was made in semester two of 2020.
Milestones encourage students to work and receive guidance regularly, thereby reducing the
severity of last-minute scrambles. The hypothesis was that plagiarism would be reduced by the
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regular support and guidance afforded by milestones. Video reflections were chosen as a means
of measuring and promoting students’ higher-order thinking skills, while also providing practice
in communication.
To assess the impact of these assignment changes on plagiarism, we compared the rates
of plagiarism in the Advanced Programming final assignment submissions with the previous
semester, semester one of 2020. Plagiarism rates were measured by the similarity between
project submissions for that semester. JPlag was used to measure the percentage of Java code
similarity between all pairs of submissions. To establish a per-student rating of similarity, the
largest percentage of similarity was used for each.
To study the impact of milestones with video reflections on learning outcomes, we correlated
the performance in each milestone with the final test. The final test was made up of authentic
programming problems and allowed students the use of tools and libraries they are familiar with.
However, to limit opportunities for plagiarism, test questions of equal difficulty were randomly
chosen for each student, and time was limited to two hours.
To understand student sentiment towards the video milestone assessment, we created a questionnaire that was sent when the course concluded. The questionnaire was comprised of Likert
scale and open-ended questions, quantitative and qualitative, respectively. By collecting both
quantitative and qualitative data, we intended to gain the benefits of both simpler statistical
analysis and allow for participant responses that we had not anticipated. At the conclusion of
the Advanced Programming course, with their experiences still recent, students were emailed a
Qualtrics survey.

5. Results
This section is structured to address the individual research questions.

5.1.

Correlation of Semester 2 Marks for the Milestone Submissions with the Final Test

Figure 1 shows the correlation between the students’ performance on each of the milestone
and the final test by computing the average test mark of students in each of the four milestone
quartiles. Figure 2 depicts the correlation between the total of milestone marks and the test
marks, with a Spearman Rank Correlation of 0.48.

Fig. 1. Correlation between the four milestone submission marks with the final test mark.

Though there were five milestones, milestones 3 and 4 were submitted together using a
single video and were marked collectively. It is evident that the marks in the final test correlated
well with each of the milestone performances, suggesting that students making good progress
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in milestones were able to demonstrate good learning outcomes in the final test. The difference
in test scores between the 3rd and 4th quadrants was greatest for the final milestone, which
required higher analytical and synthesis skills to combine the various patterns, algorithms and
data structures.

Fig. 2. Milestone total versus final test mark.

5.2.

Plagiarism Rates

Semester one employed a single large project submission with 216 submissions, and semester
two had five milestones with video reflections culminating in a project submission with 184 submissions. The number of submissions throughout semester two dropped slightly as the course
progressed. From the 196 students in the course, each milestone had the following submission
rates: I (97%), II (92%), III+IV (93%), and V (83%).
The results shown in Table 1 show the presence of three main categories of submission
similarity: low, medium, and high. Table 2 presents the percentages of submissions by these
categories. For both semesters, it is evident that most students have not plagiarised, due to the
low similarity and prevalence of submissions in this category. The number of submissions in
the medium similarity are similar for both semesters, at around ten percent. A possible reason
may be this category is comprised of two groups: students with a higher degree of collaboration
and sharing without committing large-scale plagiarism, and those who have plagiarised but attempted to obfuscate the fact. Due to the ambiguity of causes for the medium similar group, and
the similarity between the semesters, they are disregarded from our analysis. The high-similarity
group is larger in semester one, 20% of submissions in semester one had a high degree of similarity, while only 5% of submissions did in semester two. It is evident that semester two has
far less plagiarism than semester one. Furthermore, Figure 3 shows a trend towards extremely
similar submissions in semester one, while the opposite is true in semester two.
Table 1. Percent of assignment submissions by similarity percent.
Similarity
(40%,50%]
(50%,60%]
(60%,70%]
(70%,80%]
(80%,90%]
(90%,100%]

Sem. 1 Percentage of submissions
24%
6%
4%
4%
7%
13%

Sem. 2 Percentage of submissions
9%
10%
2%
4%
3%
2%
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Fig. 3. Similarity rates between semesters.
Table 2. Similarity of assignment submissions, categorized.
Similarity
≤ 50%
(50%, 80%]
(80%, 100%]

5.3.

Category
Low
Medium
High

Semester 1
66%
13%
20%

Semester 2
79%
16%
5%

Student Feedback

The questionnaire on student feedback was sent at the conclusion of the altered course to all
194 students in the course and twenty-two responses were received. The response rate was
approximately 11%, this is thought to be because it coincided with the busiest time for all the
students due to their final assignments and examinations. To measure how consistent results
are on overall satisfaction of the milestones with video reflections, the Cronbach’s alpha value
was calculated from the results. Cronbach’s alpha values over 0.6 are generally considered to
be acceptably consistent and good consistency is over 0.8. The results indicate a good level of
consistency in students’ satisfaction with a value of 0.84.

Milestone Feedback
In Table 3, Q5 shows that 82% of respondents agree that milestones reduced stress in the final
weeks. Q13 shows 73% of respondents agree that receiving feedback in early milestones made
the final assessment easier, thus providing a potential cause for the reduction in stress during
the course’s final weeks. On the effectiveness of learning with milestones, Q15 shows 82% of
respondents agree that project milestones helped them to learn more than a single submission
would make possible. This demonstrates that most students recognise that milestones not only
reduce their stress at the end the course, but also improve how much they learn. Q22 indicates that 82% of responding students wish to have a milestone assessment approach in other
courses. We believe this indicates most students enjoy and understand the benefits of milestone
assessments over a single large submission.

Video Reflections
Survey responses related to video reflections were largely positive, as shown in Q2, Q4 and Q9
in Table 3. Q2 indicates that 82% of respondents believed they reflected on their learning. This
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Table 3. Student feedback at the end of Semester 2.
No
Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9
Q10
Q11
Q12
Q13
Q14
Q15
Q16
Q17

Q18
Q19
Q20
Q21
Q22
Q23
Q24
Q25

Question
Feedback and marks for milestone videos made me start
on the assignment early.
The lessons-learnt part of the video made me reflect
more
Video feedback played a key role in though COVID prevented face-to-face contacts.
Creating the videos with code explanation, demo and
lessons learnt boosted my confidence
Structuring assignment into milestones reduced my
stress
Recording videos took me a long time (over an hour) to
create.
Requiring students to start early will help to prevent plagiarism.
Lab sessions supported students with milestone
progress.
The milestone videos helped me to reach a higher standard
The feedback from milestones was sent in a timely manner.
Milestone videos of outstanding students helped to inspire me.
3 minutes too short for videos.
Feedback in early milestones helped with final face-toface assessment.
Always receiving feedback from the same instructor
helped
The project and milestone-based approach made me to
pick up more skills and technologies
Demonstrating my program made me come up with
good test cases.
Having an open-ended project with room for interpretation and implementation made it more authentic (closer
to real-life.)
I would be happy to send a link of my project video to a
prospective future employer.
Integrating skills from other courses is likely to help me
with my final year project and future jobs.
Instructions given for creating videos were adequate.
Progress milestones helped to do well in the final test
and reach the course learning outcomes.
A project based approach should be adapted in other
courses too.
Courses like this improve chances of getting an internship and related employment.
This project-based course required higher order thinking.
This course made me realize the need for research and
study

SD
9%

D
5%

N
14%

A
23%

SA
50%

9%

0%

9%

50%

32%

9%

0%

18%

27%

45%

5%

0%

18%

32%

45%

0%

5%

14%

23%

59%

5%

14%

32%

32%

18%

0%

5%

18%

36%

41%

0%

5%

27%

27%

41%

5%

5%

23%

36%

32%

14%

5%

27%

32%

23%

5%

14%

27%

18%

36%

0%
0%

9%
5%

23%
23%

32%
32%

36%
41%

0%

0%

23%

23%

55%

0%

0%

18%

50%

32%

0%

5%

23%

36%

36%

0%

0%

23%

32%

45%

0%

9%

14%

41%

36%

0%

0%

18%

41%

41%

0%
0%

0%
5%

9%
5%

50%
45%

41%
45%

0%

0%

18%

23%

59%

0%

0%

18%

36%

45%

0%

0%

14%

55%

32%

0%

0%

14%

36%

50%

is evidence of higher-order thinking being employed by students. Q4 and Q9 suggest that most
students believed that video reflections were beneficial for their results and personal learning.
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The results shown in Q6 and Q12 show students encountered some issues with the creation of
videos. Q6 illustrates a mix of experiences in the time take to record videos, with a median
response between neutral and agreement on video creation taking too long. Most students felt
that the three-minute limit on video duration was too short, as shown in the 68% agreement in
Q12.

Industry Relevance
Students mostly perceived the project as being a similar problem to those in industry. Responses
to Q17 and Q24 illustrate the link in most students’ minds between the project and industry,
with 77% agreement in Q17 that the project’s open-ended nature increased the challenge and
authenticity. Q24 shows 86% of students agreeing that analysis and novel solution synthesis
were required, traits common in industry software development projects.

6. Discussion
Our results indicate that the new assessment structure has reduced plagiarism, improved students’ self-perceptions, and reliably gauges students’ learning outcomes.

6.1.

Milestone versus the Final Test Results

RQ1. How can we develop a new continuous grading mechanism for project-based courses that
reliably reflects student learning outcomes without increasing instructor resource requirements?
The results in the final randomized and time-controlled final test focussing on authentic tasks
shows a positive and consistent correlation with all the milestone marks. Therefore, reflective
milestones focussing on higher-order tasks such as explaining the design rationale, demonstrating solution robustness, and articulating problems overcame, appear to be effective in building
up the skills needed for authentic tasks. Moreover, staff being able to identify and selectively
connect to students needing help appears to have improved the self-efficacy of stragglers, thus
allowing them to make steady progress in increasingly complex milestones. The first milestone
mark had the lowest standard deviation as it mostly focussed on the assumed prerequisite knowledge for the course. The final milestone mark showed the highest standard deviation as students
were challenged to develop and justify their heuristic algorithms considering various trade-offs,
while making use of threading and design patterns.

6.2.

Plagiarism

RQ2. Can the rate of plagiarism in the final assignment be substantially reduced by linking the
final assignment with regular formative tasks?
The project milestones approach in the second semester substantially reduced the number of
extremely high similarity submissions from semester one. We attribute the high rate of plagiarism in semester one of 2020 to the abrupt move to an online teaching model in response to
COVID-19, without proper planning and support. Many weaker students, unable to get any feedback on their progress, resorted to plagiarism in semester one. With regular feedback through
video reflections, all students were better equipped to correct course, reducing the severity of
students being lost and falling behind. This practice of regular feedback mirrors the practice of
sprints in the software development industry, where projects are broken up into smaller deliverables. Sprints allow programmers in industry to regularly reflect on and learn from their failures
and misunderstandings, allowing for steady progress in complex projects. The similarity of
milestones to sprints also lends greater authenticity to the project, improving student motivation
and their job readiness.
In the future, we plan to measure the similarity after excluding the materials presented as
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part of the course.

6.3.

Student Perceptions

RQ3. Can a project with a video-milestones based approach improve student perceptions of
self-efficacy, time-management and motivation (thus reducing some of the main causes for plagiarism?)
Student perceptions show most students are happy with their learning outcomes despite the
higher learning curve introduced by the authentic and open-ended assignment. Most also perceived the approach adapted will better equip them for finding internships and future employment in the field. Most students also perceived milestones as a way of reducing stress caused
by end-of-course scrambles. However, with students enrolled coming from several different
degrees including data science, cybersecurity and IT, it is difficult to motivate all students to
the same extent through a single assignment and a single programming language. In the future
we plan to offer multiple assignments and be more flexible with the choice of programming
languages.

6.4.

Assessment of Video Milestones

With the introduction of milestones, assessment was continually performed which posed a risk
of increasing the burden on assessment resources. However, anecdotally it was found that assessment resources were not overburdened due to videos being faster to assess than the previous
format of code and written report submissions. Videos submissions kept assessment times short,
as the three minutes of viewing compared favourably to building and running code, and reading written reports. In addition to being faster to assess, video submissions were anecdotally
found to be no more difficult for assessors. The challenge that was encountered was delivering
continuous feedback to students in a timely manner. Timely responses are important to students
relying on feedback to inform possible course corrections on their project’s development.

6.5.

Limitations and Threats to Validity

Due to the COVID-19 pandemic, semester one was a novel situation for students with Universities moving to a remote teaching format with little time for preparation. This stress caused by
this disruption may be a factor in higher rates of student plagiarism. The two semesters had different amounts of in-person interaction between students. Semester one began in-person before
becoming remote, while semester two was entirely remote. It is possible that this opportunity
for more social connection facilitated more plagiarism between students. Another potential confounding variable for semester two’s plagiarism results is the remote learning and lock-downs
caused by the COVID-19 pandemic. This change to the context of semester two may have
altered the behaviour of students.
Video-based reflections for submissions were introduced at the same time as milestone submissions, so the individual factor that each has on rates of plagiarism is not known from our
study. The video-based format also introduces a new possibility of unconscious bias from assessors.
The use of submission similarity to measure plagiarism has some limitations:
• While similarity is likely to indicate plagiarism, these are not the same. One could have a
similar assignment to another student without plagiarizing, however this is unlikely.
• The similarity measurement does not indicate who copied from whom. Therefore, we
cannot know how many students have instigated the plagiarism as opposed to those who
were the source of the plagiarized material. Further to this, we cannot know if a student
knowingly provided material for plagiarism or otherwise.
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7. Conclusions And Future Work
During the first wave of COVID-19, all our courses were forced to move online within one
week, from week 4 until the end of Semester 1. Unfortunately, we found that a high proportion
of our assessments were plagiarized. During the second wave of COVID-19, we were more prepared and designed assessments with built-in milestones, and video presentations of work, with
opportunities for students to ask questions of their instructors and video their student reflections.
In this paper, we have presented our re-design of these assessments and calculations of
correlations between milestones and final test questions to demonstrate learning outcomes. Our
results have shown that students have performed the difficult tasks in the milestones well enough
for them to correctly answer questions aligned with them in their final test. We also present
comparisons of plagiarism levels between semesters 1 and 2, showing clear reductions towards
the end of semester 2.
With the move to online delivery and assessment, the emphasis on the final exam is being diminished. This trend appears to be continuing, amid difficulties in placing hundreds of students
in a large examination hall. We can recommend the introduction of authentic projects with
clear milestone and student reflection video deliverables as alternative assessments for other
project-based courses. Our results have shown these assessments provide a way of engaging
the students and building their self-efficacy. Future research will concentrate on the final major
capstone project in another course, to gauge how well these students have learned the difficult
concepts from this project-based course.
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